J# & % 4> Quality Control

BT eiEASEstL B IR LEC 7 FL s AR
& X EE A 5

moEL B, gk uE, BAREE, B4ER, 3o, gk F, (EEET
C1. BEPERM B YR R AR 5B PR AT, BRPE P22 710000; 2. BEpG 3 BEFA TR AT, BPGIEF 711700)

O [HADO VP B ik S g L (R AR 24 ) LG O FUR BBk U B R H B — PP IE T A &
IR TV Dl AR 2 R PR R AERRIE . ANERE STV SN AR S R b, W
FOREE BRI IR AT 0T o [45 T8 1 (v A L (k78 % H IR BEVE 3 R I RAF IR R R, A
KEB (RD 4-5150.999 7H10.999 1; B Ty i  FRATE B IR 51590.7 mg/100 gf12.1 mg/100 g, FLL (i
RS H B AT 2 22 PR 2359105909 mg/100 gF12.7 mg/100 g 25— (i A Eb €922 1Y) [ e 26390 Bl 23 il J990.7%~102.7% A1
86.0%~100.6% (HIFrETE3 mg/100 g~150 mg/100 ghf) ; BFEIHEIEEE (0.61%~3.83%) LT b ik
(1.30%~5.85%) 5 5Tt AN b 03 103 8 ANH 2 32 4 ) R 4.02% F14.04% o [458 188 T (il vk AE R
G2 ARSI RS AR 7 TR0 T g Bl €0, S FH T 2240y J L 7 00 v R 7 M R 2 i, A A Dy il s
R 3 72
FEE: SRR MR BTk Btk B4R R

NEHS: 1671-4393 (2026) 02-0074-07 DOI:10.12377/1671-4393.26.02.12

A Comprehensive Study of lon Chromatography and Enzymatic
Colorimetry in the Determinatiotion of Choline in Infant Formula

GAO Xing', ZHAO Dan’, ZHANG Hao’, TU Jindi', YANG Weijing’, LIANG Bin’,
ZHANG Li', HOU Guofeng'
(1. Shaanxi Keyi Sunshine Test Services Co., Ltd., Xi'an Shanxi 710000; 2. Shaanxi Shengtang Dairy
Co., Ltd., Weinan Shaanxi 711700)

«_

HEEWB: HEElEARi
EE® N & R (1992 ,
B FF (19920 ,
ik W (19912
B (19775 ,
4R (19912
2%k (1990-) ,
ik # (19579,
BIEEE . mEKE (1988

T H - S D RETE 3 R 57878 (2024ZDYFIH-790)

HOR AN, Wit AR, BT A

Bevi g N, AR TR, BTS00 3L S s

Bevtiigm N, AR, BRI, WFF007 D B SR
BevaRBAN, AR, @ LRI, BEFCIT IR PR
Bevtiism N, AR TR, BT 5 1) 2L A 2 A
[0z 4 2 N 7 P O 1 [ P O W B I S0 AN W =3/ IA i il Bt
Bevg v N, AF, @ LRI, W7 RS RS
IS, B, g URRIT, BT A A

wFE SR EES G

74



2026/02 NO.290 HEHN

Abstract: [Objective]Compare and evaluate the application of ion chromatography and enzymatic colorimetry
in the determination of choline in infant formula milk powder, and select a more suitable detection method for
enterprise quality control.[Method]A comparative analysis between ion chromatography and enzymatic colorimetry
was conducted by using indicators such as standard curves, detection limits, precision, accuracy, uncertainty
assessment and determination costs.[Result]Both ion chromatography and enzymatic colorimetry demonstrated good
linear relationships within their respective concentration ranges, with correlation coefficients (R?) of 0.999 7
and 0.999 1, respectively. The detection limits and quantification limits of ion chromatography were 0.7 mg/100 g
and 2.1 mg/100 g, while those of enzymatic colorimetry were 0.9 mg/100 g and 2.7 mg/100 g. The recovery rates
of ion chromatography and enzymatic colorimetry ranged were 90.7%~102.7% and 86.0%~100.6% (with the
spiked amount ranging from 3 mg/100 g to 150 mg/100 g) , respectively. The precision of ion chromatography
(0.61%~3.83%) was superior to that of enzymatic colorimetry (1.30%~5.85%) . The expanded uncertainties
for ion chromatography and enzymatic colorimetry were 4.02% and 4.04%, respectively.[Conclusion]lon
chromatography demonstrated comparable advantages over enzymatic colorimetry in terms of sensitivity,
precision and cost. It is more suitable for both qualitative and quantitative analysis of choline in infant formula and is
recommended as the primary method for enterprises determination.
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Figure 1 Ion chromatogram of 4 mg/L choline standard solution
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Figure 2 Ton Chromatogram of Choline Content in Infant Formula
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Table 1 Linear Equations, Linear range, Correlation Coefficient, Detection Limit and Quantification Limit of Ion Chromatography and

Enzymatic Colorimetry

Kol 7 1% LR T LR VI (mg/L) R’ WHIR (mg/10g)  EF&EFR (mg/10 )
Wtk y=0.190 7x-0.013 6 0.16 ~ 4.00 0.999 7 0.7 2.1
Bl Lb a3 y=0.004 11x-0.005 58 100 ~ 600 0.999 1 0.9 2.7
* 2 BT QRSN RES RIS EE R
Table 2 Data on Recovery Rate and Precision of Sample Detection by Ion Chromatography
i@ (rjrjlij/:,fi) 1 - 3‘{)@%@ (r:g/lOO g) 5 - 7 U (o) {Eg*ﬁﬁ
1 3 3.08 2.83 2.72 291 2.93 2.96 2.910 90.7 ~ 102.7 3.83
2 30 29.10 29.50 30.30 29.80 30.10 29.30 28.90 96.3 ~ 101.0 1.75
3 80 80.20 79.10 79.50 79.80 79.50 78.70 79.90 98.4 ~ 100.3 0.64
4 150 149.10  148.80 149.50 149.80 150.50  150.20 149.30  99.2 ~ 100.3 0.61
7 3 BELL & XA S RS 2 E R
Table 3 Data on Sample Recovery Rate and Precision for Enzymatic Colorimetric Method
i nbrE MEMH (mg/1 g FCE (%) X bt
5 (mg/lg 1 2 3 4 5 6 W% (%)
1 3 2.65 2.87 2.99 2.58 2.83 2.64 2.59 86.0 ~ 99.7 5.85
2 30 28.00 28.30 27.60 27.50 28.00 29.80 27.20 90.7 ~99.3 3.04
3 80 76.50 77.80 79.60 78.20 77.90 77.60 80.50 95.6 ~100.6 1.38
4 150 148.30 150.20 149.30 146.90 150.60 147.90 14920  97.9~100.4 1.30
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Table 4 Comparison of Choline Determination Results Obtained by Ion Chromatography and Enzymatic Colorimetry for Stage I Infant
Formula Goat Milk Powder

7k (ji:;?({)ﬁg) 1 2 ;ﬂw%ﬁ (4mg/10 g)5 6 ZUSA ;ﬁ?g*if)
A 2P 124.1 1241 1235 1237 1246 1238 123,66 1231 99.2~1004 0.48
it L a2 124.1 123.6 1231 1232 1247 1252 1229 1235 99.0~100.5 0.87
*5 BT GIEENEIL & XERRIANNTHEE 2T
Table 5 Uncertainty Analysis of Factors Introduced by lon Chromatography and Enzymatic Colorimetry Method
e HEMSIALN ARSI FREER DI PREARGIN B IR
AHERE (%) BABEE (%) AFEE (%) BAREE (%) ZEOD EE (%)
ik 0.14 2.0 0.023 0.048 2.01 4.02
Filg bt ik 0.29 2.0 0.023 0.041 2.02 4.04
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*® 6 BT BIEAMBSLL G IR A AT L

Table 6 Comparison of Determination Costs between lon Chromatography and Enzymatic Colorimetry
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